Characterization of the ligand binding domain of human retinoid X receptor alpha expressed in Escherichia coli.
In order to study the structural details of ligand protein interactions of the human retinoid X receptor alpha (hRXR alpha), the DEF and EF domains of the receptor were expressed as glutathione S-transferase (GST) fusion proteins in Escherichia coli. The fusion proteins were expressed at high levels and were affinity-purified by chromatography over glutathione-agarose. The DEF and EF domains were cleaved from the fusion proteins by digestion with thrombin. Retinoic acid binding was quantitated using two different methods. The apparent dissociation constant (Kd) and the stoichiometry of 9-cis-retinoic acid binding were performed by monitoring quenching of protein fluorescence. To directly compare the binding affinity of the E. coli-derived truncated hRXR alpha with full-length hRXR alpha expressed in transiently transfected COS cells, Scatchard analyses of [3H]9-cis-retinoic acid binding assays were performed. Both methods of analysis indicate that while the cleaved DEF peptide bound 9-cis-retinoic acid tightly, the cleaved EF peptide exhibited variable binding activity between preparations. By fluorimetric analysis, the Kd of the cleaved DEF peptide was estimated to be 3 +/- 0.5 nM with a stoichiometry of 1:1.1 +/- 0.1. By Scatchard analysis, the Kd values for [3H]9-cis-retinoic acid to the GST-hRXR alpha (DEF) peptide and the cleaved DEF peptide were estimated to be 1.8 nM and 5.6 nM, respectively. The estimated molecular mass from high speed sedimentation equilibrium experiments was 36 +/- 2 kDa for the apo-DEF peptide alone and 38 +/- 3 kDa for the holo-DEF peptide complexed with 9-cis-retinoic acid. This suggests that the recombinant ligand binding domain was predominantly in the monomer form. However, dimers of the cleaved DEF peptides were detected in chemical cross-linking experiments both in the presence and absence of 9-cis-retinoic acid. Since the purified E. coli-derived truncated hRXR alpha DEF peptide appears to fully retain its ligand binding activity, it should provide a useful model system for further structural analysis of ligand-protein interactions.